Background. Microvascular lesions are a predominant feature in systemic sclerosis (SSc) and seem to play a central pathogenetic role. Recently, we graded scleroderma microangiopathy by nailfold videocapillaroscopy (NVC) into three NVC patterns (early, active and late). The aim of the present study was to confirm, in a larger number of SSc patients, the presence of three patterns of microvascular damage, and to detect any possible relationship between these patterns and both specific serum autoantibodies and the subsets of cutaneous involvement. Methods. Two hundred and forty-one consecutive patients (227 women and 14 men) affected by SSc were recruited. One hundred and forty-eight patients were affected by limited cutaneous SSc (lSSc) and 93 patients by diffuse cutaneous SSc (dSSc). The ages at onset of Raynaud's phenomenon (RP) and SSc, the durations of RP and SSc, ANA and antitopoisomerase I (anti-Scl70) and anticentromere (ACA) antibodies were investigated in all patients. The SSc patients were subdivided on the basis of the NVC pattern into three groups. Results. A statistically significant correlation was found between the NVC patterns and the durations of both RP and SSc (P<0.001). Enlarged and giant capillaries, together with haemorrhages, constituted the earliest NVC finding in SSc (early NVC pattern). These abnormalities were mostly expressed in the active NVC pattern. Loss of capillaries, ramified capillaries and vascular architectural disorganization were increased in the late NVC pattern. Age and the duration of both RP and SSc were lower in 24 patients complaining of RP alone. Anti-Scl70 antibodies were statistically less frequent in the early vs both the active and the late NVC pattern, whereas no significant correlation was found between the presence of anti-Scl70 antibodies and the duration of either RP or SSc. ACA positivity was more frequent in patients with longer RP duration. Patients with lSSc had shorter SSc duration and showed the early or active NVC pattern more frequently. Conversely, patients with dSSc showed longer disease duration and mostly showed the late NVC pattern. Conclusions. NVC is an appropriate tool for differential diagnosis between primary and secondary RP through the clear recognition of the early NVC scleroderma pattern. This study confirms, in a large number of SSc patients, the existence of three distinct NVC patterns that might reflect the evolution of SSc microangiopathy. The presence of anti-Scl70 antibodies seems be related to earlier expression of the active and late NVC patterns of SSc microvascular damage. The presence of ACA seems to be related to delayed expression of the late NVC pattern.
Systemic sclerosis (SSc) is a connective tissue disease which affects various tissues and organs, including peripheral vessels, skin, lungs, kidneys, gastrointestinal tract and cardiovascular system.
The aetiology of SSc is not clear and is most likely multifactorial. However, it is currently believed that the disease may begin as an autoimmune response to an unknown antigen [1] [2] [3] . In this regard, there is evidence that both humoral and cellular immunity may play roles [2, 3] .
The pathophysiology of SSc is complex and consists of three major features: vascular damage, followed by mononuclear cell infiltration and massive deposition of newly synthesized connective tissue, mainly collagen [3, 4] . The mechanism of vascular damage is not well understood, but the interaction of immune cells with the vascular endothelium and an imbalance in the fibrinolytic system are strongly hypothesized [5] [6] [7] [8] [9] [10] .
Microvascular lesions are a predominant feature in SSc and seem to play a central pathogenetic role. Moreover, microangiopathy appears to be the best evaluable predictor of the development of SSc and seems to precede the other symptoms by many years [11] . Follow-up studies have already suggested that microvascular lesions might precede severe involvement of internal organs [11] [12] [13] [14] .
Peripheral microvascular damage in SSc is characterized by structural alterations of the capillaries with a progressive decrease in capillary density. Enlarged and giant capillaries, haemorrhages, disorganization of the vascular array and ramified/bushy capillaries are present [11, [15] [16] [17] [18] [19] .
Early in the disease, peripheral microangiopathy may be well recognized and studied by nailfold capillaroscopy, a non-invasive and safe technique that is reported to have both diagnostic and prognostic value also in the presence of isolated Raynaud's phenomenon (RP) [17, [20] [21] [22] [23] [24] .
A limited number of studies have described the morphological aspects of vascular damage in patients with SSc by nailfold capillaroscopy, relating these capillary abnormalities to selected characteristics of the disease [11, 18, 19, 23, 25] .
Recently, we graded by nailfold videocapillaroscopy (NVC) the scleroderma microangiopathy into three NVC patterns (early, active and late) that were found to correlate with the duration of both RP and SSc and reflected at least the evolution of the disease process [26] .
The aim of the present study was to confirm, in a larger number of SSc patients, the presence of the three patterns of microangiopathy and to investigate any possible relationship between these patterns and both specific serum autoantibody patterns and the subsets of cutaneous involvement.
Patients and methods

Patients
Two hundred and forty-one consecutive patients [227 women (mean age 57±15 yr) and 14 men (mean age 56±18 yr)], affected by SSc according to the American College of Rheumatology criteria [27, 28] , were recruited from our videocapillaroscopy service for the diagnosis of vascular and connective tissue diseases during the period from 1998 to 2002.
One hundred forty-eight patients (61%) (mean age 58±15 yr) were found to be affected by limited cutaneous SSc (lSSc) (skin involvement of the fingers, hands, forearms, toes, feet, legs, neck and face) and 93 (39%) (mean age 56±15 yr) showed diffuse cutaneous SSc (dSSc) (skin involvement of arms, thighs, chest, abdomen and back), according to the guidelines of LeRoy et al. [28, 29] . All patients referred the presence of RP.
In twenty-four patients (10%) who complained of RP alone and who were not positive for serum antinuclear antibodies (mean age 50±16 yr), the early diagnosis of SSc was initially suggested as result of the NVC analysis and was subsequently confirmed by other instrumental evaluations. Asymptomatic oesophageal and/or lung involvement was present in this subgroup of patients, as was mild sclerodactyly. These patients were considered to have limited scleroderma and met at least two minor ARA criteria.
The age at onset of RP and SSc and the duration of RP and SSc were investigated in all patients. The durations of RP and SSc at the time of NVC assessment were evaluated by clinical interview and from clinical file data. In particular, the duration of SSc was calculated from the time of onset of clinical signs or symptoms (different from RP) clearly related to SSc (i.e. skin fibrosis, dysphagia, etc.) or from the time of instrumental and/or laboratory investigations confirming the diagnosis (i.e. NVC, oesophageal and/or pulmonary involvement, detection of serum autoantibodies).
No patients had been treated previously with D-penicillamine, prostanoids, immunosuppressive agents (patients treated in the past with the above-mentioned drugs were excluded from the study). Patients were treated, when required, with vasodilators (buflomedil), antihypertensive drugs (diuretics or calcium channel blockers), NSAIDs, and no more than 5 mg/day prednisone equivalent. No systemic diseases other than SSc were concomitant.
Informed consent was obtained from all patients before entry to the study.
Autoantibody detection
Total ANA, antitopoisomerase I (anti-Scl70) antibodies and anticentromere antibodies (ACA) were sought in all patients. ANA were detected by indirect immunofluorescence using HEp-2 cells as substrate (Euroimmun). Anti-Scl70 antibodies and ACA were evaluated using an ELISA (Euroimmun). Values were expressed as positive or negative. The ANA titre was not recorded.
Nailfold videocapillaroscopy
NVC was performed by using an optical probe videocapillaroscopy equipped with 100Â and 200Â contact lenses and connected to image analyse software (Videocap; DS MediGroup, Milan, Italy). Images (pixel dimensions 762 horizontal Â 582 vertical) were also observed on a high-resolution colour monitor (14 inches) and printed on a digital PAL video printer (print format 84.5 Â 110 mm, 256 colours; Hitachi, Japan).
The same operator, without knowledge of the patient's clinical diagnosis and/or disease severity, performed the NVC examination in a blind manner.
Each subject was inside the building for a minimum of 15 min before the nailfold was examined and the room temperature was [20] [21] [22] C. The nailfolds of all 10 fingers were examined in each patient, after a drop of immersion oil had been placed on the nailfold bed to improve the image resolution. Fingers affected by recent local trauma were not analysed.
The following parameters were considered, according to previous classifications: presence of enlarged and giant capillaries, haemorrhages, loss of capillaries, disorganization of the vascular array, and ramified/bushy capillaries [11, [17] [18] [19] 26] .
On the basis of the NVC abnormalities, the SSc patients were distributed into the appropriate NVC pattern, as previously reported [26] . The patterns included: (i) early pattern: few (fewer than four altered capillaries per millimetre) enlarged/giant capillaries, few capillary haemorrhages, relatively well-preserved capillary distribution, no evident loss of capillaries; (ii) active pattern: frequent (more than six altered capillaries per millimetre) giant capillaries, frequent capillary haemorrhages, moderate (20-30%) loss of capillaries, mild (between four and six altered capillaries per millimetre) disorganization of the capillary architecture, absent or mild ramified capillaries; and (iii) late pattern: irregular enlargement of the capillaries, few or absent giant capillaries and haemorrhages, severe (50-70%) loss of capillaries with large avascular areas, disorganization of the normal capillary array and ramified/bushy capillaries ( Fig. 1) .
A semiquantitative rating scale to score these changes was adopted, according to previous studies (0 ¼ no changes; 1 ¼ fewer than four alterations; 2 ¼ four to six alterations; 3 ¼ more than six alterations per millimetre) [11, 26] . For each subject, the mean score for each of these parameters was obtained from the analysis of the second, third, fourth and fifth fingers of both hands, using the scoring system described above.
Subsequently, in each group, the clinical characteristics of the patients (age, age of onset of RP and SSc, duration of RP and SSc), the presence of ANA, anti-Scl70 antibodies, ACA, and the expression of the lSSc or dSSc subset of the disease were evaluated and correlated with the NVC patterns.
Statistical analysis
The statistical analysis was performed by analysis of variance (ANOVA), the non-parametric Kruskal-Wallis and MannWhitney U tests for discontinuous data, logistic regression and the 2 test. P<0.05 was considered statistically significant.
Results
The early NVC pattern was observed in eighty patients (33%), the active NVC pattern in 90 patients (37%) and the late NVC pattern 71 patients (29%). Mean ages of patients, ages at onset of RP and SSc and the durations of RP and SSc, within each pattern, are reported in Table 1 . The durations of RP and SSc were significantly longer in patients showing the late NVC pattern compared with those with the active and early NVC patterns (P<0.001 and P<0.0001 respectively). The age of patients was higher in those showing the late NVC pattern compared with those showing the active and early NVC patterns (P<0.001). No statistically significant difference was found among the three NVC patterns concerning the ages at onset of both RP and SSc (Table 1) . Logistic regression analysis confirmed the relationship between the age of patients and the durations of RP and SSc.
The mean age and the durations of RP and SSc were lower in 24 patients complaining of RP alone (negative for autoantibodies, positive for SSc microvascular involvement) compared with those of the other SSc patients. Conversely, the ages at onset of RP and SSc were similar in the two groups of patients (Fig. 2) .
Giant capillaries and haemorrhages were more frequent in the active NVC pattern compared with the early and late NVC patterns (Fig. 3A) . Loss of capillaries, disorganization of the vascular array and ramified capillaries were observed more frequently in the late than in the active and early NVC patterns, and in the active than in the early NVC pattern (Fig. 3B) .
No statistically significant difference was found between the early, active and late NVC patterns concerning the frequency of ANA positivity. However, ANA were detected in 84, 93 and 94% of SSc patients with the early, active and late NVC patterns respectively (total, 90% of SSc patients) (Fig. 4) .
Patients who were positive for ANA had significantly longer durations of RP and SSc than ANA-negative SSc patients (P<0.03).
Anti-Scl70 antibodies were positive in 5, 25 and 24% of SSc patients with the early, active and late NVC pattern respectively (total, 19% of SSc patients). In particular, anti-Scl70 positivity was statistically lower in the early pattern than in the active pattern, and in the early vs the late NVC patterns (P<0.01) (Fig. 4) . No statistically significant correlations were observed between antiScl70 positivity and RP or SSc duration.
ACA were detected in 49, 46 and 41% of SSc patients with the early, active and late NVC pattern respectively (total, 46% of SSc patients) (Fig. 4) . No statistically significant difference was found between the three patterns concerning the presence of ACA (P ¼ 0.07). On the contrary, a statistically significant correlation was observed between the presence of ACA and the durations of both RP and SSc (P<0.03).
Patients with the early or active NVC pattern showed lSSc more frequently than patients with the late NVC pattern; the latter, on the contrary, were more often affected by the dSSc (P<0.001). In particular, 74, 66 and 43% of patients with the early, active and late NVC pattern, respectively, were affected by lSSc (Fig. 5) .
In addition, patients affected by dSSc showed longer disease duration than those affected by lSSc (P<0.001). No statistically significant difference was found between lSSc and the dSSc concerning the duration of RP, age, the age at onset of either RP or SSc, or the presence of autoantibodies (Table 2) . ANA were found in 89 and 94% of patients with lSSc and with dSSc respectively. Anti-Scl70 antibodies were found in 15 and 25% of patients with lSSc and dSSc respectively (P ¼ 0.09), and ACA in 52 and 37% of patients with lSSc and dSSc respectively (P ¼ 0.06) ( Table 2) .
No statistically significant difference was found between male and female patients concerning the age at onset and duration of RP and SSc, the frequency of NVC parameters in the different patterns, SSc skin involvement and the presence of autoantibodies.
Discussion
This study confirms in a large number of SSc patients the identification of distinct NVC patterns (early, active and late), as assessed by NVC examination, that might correlate with some clinical and laboratory manifestations of scleroderma [26] . These three major patterns seem to reflect the evolution of SSc microangiopathy and their recognition might be useful in assessing microvascular damage in individual patients, both at a single point in time and longitudinally. The assumption that these patterns might reflect the evolution of SSc microangiopathy is based on the demonstration that SSc patients with the late NVC pattern have a longer disease duration than those with the active or early pattern. We also followed some patients who developed an active or a late NVC pattern a few years after the diagnosis of an early or active pattern, respectively (data not shown). However, longitudinal studies are necessary to confirm this statement. It seems unlikely that the relationship between disease duration and NVC pattern could be the result of the recruitment pattern of patients with scleroderma, as patients with lSSc are often recognized late and patients with dSSc are usually admitted early. In this study, we evaluated the duration of both SSc and RP. Even though lSSc might be identified later, we found a statistically significant correlation between NVC pattern and the duration of both SSc and RP.
Criteria to define disease activity or severity in SSc have been proposed by several authors [30, 31, 33] . Few reports have described the morphological aspects of SSc microangiopathy, as detected by capillaroscopy, and compared the capillary abnormalities with selected characteristics of the disease [11, 18, 19, 23, 25, 32, 34] .
Patients with severe loss of capillaries have already been reported to have longer disease duration than those with limited capillary loss [35] . In the present study, loss of capillaries, ramified capillaries and vascular architectural disorganization were found to be rare in the early stages of SSc, whereas a progressive increase in these vascular abnormalities was observed in the active and late NVC patterns.
The appearance of enlarged and giant capillaries, together with haemorrhages, represents the earliest NVC finding in SSc (early NVC pattern) [11, 16, 26] . These microvascular changes were strongly increased in SSc patients showing the active NVC pattern, whereas in the late NVC pattern these abnormalities appeared to be very rare. The presence of more than one giant capillary is usually pathognomonic for the scleroderma pattern of microangiopathy [17, 36] .
However, selected vascular abnormalities observed by NVC in SSc patients (i.e. enlarged and ramified capillaries, haemorrhages, loss of blood vessels) may be seen in dermatomyositis (DM) and in other major connective tissue diseases, although with different expression [17, 37, 38] .
Generally, RP is considered the first clinical sign of vascular involvement in SSc and may precede other symptoms by several years, while clinical visceral involvement tends to occur later in the course of the disease [39, 40] . Twenty-four out of 241 patients (10%) complained of RP alone. These patients were negative for the autoantibodies tested, whereas the NVC examination showed the presence of SSc microangiopathy, and other tools subsequently confirmed the diagnosis of SSc (i.e. oesophageal manometry, lung function tests). On the other hand, follow-up studies have already suggested that the microvascular lesions might precede severe involvement of the internal organs [11] [12] [13] [14] 41] . In this subset of patients (RP alone), the mean age and duration of RP and SSc were lower than in the other SSc patients.
Therefore, NVC is an appropriate tool for the differential diagnosis between primary and secondary RP, through the clear recognition of the early NVC pattern [42] .
The NVC scleroderma-like pattern may be observed in patients with DM, mixed connective tissue disease (MCTD) and, less frequently, SLE when an overlap syndrome is present [17, 37, 38] . above the normal range and other clinical symptoms are present. Moreover, the capillaroscopic pattern of DM and MCTD is quite different from that of SSc: the microangiopathy is characterized by a higher number of ramified/bushy capillaries, which are already in the early stages of the disease. The patients enrolled in the study, with lSSc but without ANA, had normal laboratory examinations, the videocapillaroscopic pattern was not suspicious for other connective tissue disease, and after 2-4 yr of observation the diagnosis of SSc was not changed. Therefore, the possibility that this subset of patients might have other diagnoses (such as DM or SLE) is quite difficult to confirm or refute. The pattern of microangiopathy may change in SSc patients with time, as may any specific capillary irregularity. Results of NVC examinations are always different in the same patient, even only a few months after the previous assessment (in healthy subjects the capillary loops and arrangement do not change with time, and the same picture is still present some years later). NVC abnormalities such as enlarged and giant capillaries are the first sign of SSc microangiopathy, but they become rare in patients with longer disease duration; on the contrary, capillary rarefaction and ramifications are rare in the early stage of SSc microangiopathy but are common in patients with longer SSc duration. What induces the evolution of the microvascular changes is unknown. The presence or absence of specific autoantibodies might influence the rate of evolution of microvascular damage. In our study, no statistically significant difference was found between the three NVC patterns concerning the presence of ANA. However, patients with longer disease duration were positive for ANA more frequently. The presence of anti-Scl70 antibodies was statistically more frequent in both the active and the late NVC pattern than in the early pattern, whereas no significant correlation was found between the presence of the anti-Scl70 antibodies and the duration of either RP or SSc. Therefore, the presence of anti-Scl70 antibodies seems to be an earlier event and might be related to earlier expression of the active and late NVC patterns of SSc microvascular damage. On the contrary, ACA were found more frequently in the early pattern and decreased in the other patterns. In addition, the presence of ACA was significantly more frequent in patients with longer RP duration. Therefore, the presence of ACA might be related to delayed expression of the late NVC pattern. However, the possibility that ACA might be related to capillaroscopic abnormalities, like those observed in the early or the active NVC pattern, has been suggested already by other authors [11, 43] .
Longitudinal studies are necessary to better correlate the presence of ACA and anti-Scl70 antibodies with the evolution of SSc microvascular damage, as evaluated by NVC.
None of the patients was positive for both anti-Scl70 antibodies and ACA at the same time. Simultaneous expression of anti-Scl70 antibodies and ACA is not totally and mutually exclusive, but their coincidence has been reported to be rare (<1% of patients with SSc) [44] . The evaluation of other autoantibodies, such as extractable nuclear antigens (ENA), anti-RNA polymerase I and III, anti-endothelial cell and anti-desmosomal antibodies, was not performed in this study, but might be matter for future assessment and correlation with NVC patterns.
Patients affected by lSSc were characterized by shorter disease duration, and they showed the early or active NVC patterns more frequently. On the contrary, patients affected by dSSc showed longer disease duration and mostly the late NVC pattern. As suggested by many authors, specific SSc autoantibodies might influence and/or modulate the rate of progression of SSc vascular damage, including possible effects on the expression of limited or diffuse skin involvement [45] [46] [47] [48] [49] [50] . In agreement with previous reports, in the present study anti-Scl70 antibodies were detected more frequently in patients with dSSc and ACA in patients with lSSc, although a statistically non-significant difference was found between the two patterns of skin involvement and the frequency of presence of the antibodies (P ¼ 0.06).
As reported in Table 2 , if only RP is considered, a similar duration was found in both lSSc and dSSc patients. The duration of SSc from the first clinical sign was higher in dSSc than in lSSc patients, unlike the situation for RP. However, as patients with lSSc are often recognized late and patients with dSSc are usually admitted early, it might be difficult to establish exactly the duration of the disease in the two groups of patients.
In conclusion, NVC is confirmed as a suitable tool for the early diagnosis of microvascular damage in SSc, through the recognition of the early NVC pattern. Furthermore, the identification of different NVC patterns might be useful both to assess and to follow microvascular involvement in SSc.
Specific autoantibodies (anti-Scl70 and ACA) do not seem directly linked to the expression of a singular NVC pattern. However, these autoantibodies seem related to the rate of progression of the SSc microvascular damage. At the same time, some correlations seem evident between the presence of the lSSc or the dSSc subsets and the expression of the three NVC patterns of SSc vascular involvement.
Long-term longitudinal studies are necessary to better correlate the NVC patterns and the serum markers with other clinical manifestations of the disease, as has already been done in part [7, [51] [52] [53] [54] [55] [56] .
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